purpose. To evaluate any correlation between various foot angles and their respective American Orthopaedic Foot and Ankle Society (AOFAS) scores for pain, and the effectiveness of a medial arch orthosis. Methods. 81 children with bilateral symptomatic flatfoot were randomised into orthosis (n=55) and control (n=26) groups. The orthosis group consisted of 33 male and 22 female patients aged 36 to 204 (mean, 99) months and they were given a medial arch support. The control group consisted of 15 male and 11 female patients aged 36 to 192 (mean, 100) months and they were managed with analgesics. Foot angles including anteroposterior (AP) and lateral talocalcaneal (TC) angles, AP and lateral talofirst metatarsal (TFM) angles, calcaneal pitch angle (in lateral plane), and talonavicular (TN) angle were measured, as were AOFAS scores for pain for the forefoot, midfoot, and hindfoot. results. After orthosis treatment, all AOFAS scores and all foot angles (except for the AP-TN angle) improved significantly. In the controls, all AOFAS scores (except for the midfoot score) and only the AP-TFM angle improved significantly. In the orthosis group, the AOFAS hindfoot score correlated positively with the lateral TC angle of the left foot (r=0.345, p=0.010) and negatively with the calcaneal pitch angle of the right foot (r=-0.33, p=0.015). In the control group, the lateral TFM angle of the left foot correlated negatively with the AOFAS forefoot (r=-0.566, p=0.003) and midfoot scores (r=-0.497, p=0.001), whereas the calcaneal pitch angle of the left foot correlated positively with the AOFAS forefoot score (r=0.497, p=0.010). conclusion. Medial arch support orthosis significantly improved AOFAS scores and foot angles. Calcaneal pitch angle and lateral TC angle correlated well with AOFAS hindfoot scores.
and often associated with valgus deviation of the hindfoot. 1 A normal foot completes its development by the age of 6 years. 2 The configuration of the arch is determined by age, height, weight, foot progression angle, sex, joint hypermobility, hindfoot alignment, and occurrence of physiological knock knee. 3, 4 Mildto-moderate flatfoot is common. The prevalence of flexible flatfoot was 44% in pre-school children aged 3 to 6 years but was down to 24% in children aged >6 years. 5 Pathological/rigid flatfoot has a prevalence of <1% and can be due to congenital coalition, arthritis, vertical talus, post-traumatic structural abnormalities, causing morbidity and poor performance. [4] [5] [6] Treatment for symptomatic flexible flatfoot includes foot orthosis and shoe modifications, calcaneal osteotomy, soft-tissue reconstruction, and joint fusions. 7 Treatment is based on the risk of structural dysmorphism and induced alterations in other anatomic regions connected to the distribution of foot pressure. 8, 9 Weight-bearing radiographs enable measurements of the degree of medial arch collapse. [10] [11] [12] [13] [14] Computed tomography provides better understanding of intertarsal relationships. 15 Flatfoot can lead to pain, restricted mobility, and compromised quality of life. 4 Patients with severe and symptomatic flatfoot present with decreased arch height and increased forefoot abduction with hindfoot valgus, and thus altered mechanical axis of the limbs. Lateral subtalar joint subluxation 16 alters the kinetic chain and results in Achilles' tendon shortening and posterior tibial tendinopathy. In pre-school children, flexible flatfoot is a dynamic functional abnormality; exercises and muscle training are as important as surgical and orthotic treatment. 4 There has been a controversy regarding the use of orthoses. Some report that they do not modify the abnormal development of the foot arch or natural gait progression. 17, 18 Those who began to wear shoes before the age of 6 years have a significantly higher prevalence. 19 However, others report significant improvement in radiographic measurements after the use of customised flexible orthosis. 20, 21 Thus, we evaluated correlations between various foot angles and their respective American Orthopaedic Foot and Ankle Society (AOFAS) scores for pain, and the effectiveness of a medial arch orthosis.
Materials and Methods
Between January 2003 and May 2007, 101 children presented to our outpatient clinic with symptoms of flatfoot (pain over the medial aspect of foot, metatarsalgia, calf pain, fatigue after walking a distance, and gait disturbances) were prospectively evaluated. 20 patients lost to follow-up or noncompliant to the treatment were excluded, as were patients with rigid flatfoot owing to vertical talus, tarsal coalition, skew foot, hypermobility of joints, or neurogenic disorders. Informed consent was obtained from parents of each patient. This study was approved by our institutional review board and carried out in accordance with the Helsinki declaration. 22 Patients were randomised into the orthosis (n=55) and control (n=26) groups. The orthosis group consisted of 33 male and 22 female patients aged 36 to 204 (mean, 99; standard deviation [SD], 51) months and they were given a medial arch support, which was a thermoplastic in-shoe orthosis designed to limit subtalar and midfoot motion ( Fig. 1 ). The height of the arch was based on each patient's age, foot size, and ability to gain normal alignment of hindfoot with respect to midfoot. The control group consisted of 15 male and 11 female patients aged 36 to 192 (mean, 100; SD, 53) months and they were managed with analgesics.
Standardised weight-bearing radiographs and AOFAS scores for pain (in the forefoot, midfoot, and hindfoot) were evaluated every 3 weeks. According to the method described by Simons et al., 23, 24 anteroposterior (AP) and lateral talocalcaneal (TC) angles, AP and lateral talo-first metatarsal (TFM) angles, calcaneal pitch angle (in the lateral plane), and talonavicular (TN) angle were measured using a computer software (Figs. 2 to 4). The axes of the calcaneus, talus, and first metatarsal were measured according to methods described by Sanzeorgan et al. 25 and Gould. 26 The observers were blinded to the treatment allocation.
The end point of follow-up was pain relief and/ or improvement of heel valgus at the 2-year followup or earlier. Follow-up was extended by another 2 years in patients with equivocal treatment responses.
Changes in the 2 groups were compared using the independent sample t-test (for foot angles) or Wilcoxon's rank-sum test (for AOFAS scores and follow-up duration). Within-group comparisons before and after treatment were made using the paired-sample t-test (for foot angles) and Wilcoxon signed-rank test (for AOFAS scores). Pearson's correlation analysis was used to evaluate changes of various foot angles in relation to changes of AOFAS scores. Analysis of covariance (ANCOVA) was used to differentiate the 2 groups, with adjustment for confounding factors (age, sex, and follow-up period) after converting the original measurements into the ranked values, as age and follow-up duration were within a larger range. A p value of <0.05 was considered statistically significant. Inter-observer reliability was measured.
results
The 2 groups were comparable in terms of age and sex, except that the follow-up period was significantly shorter in the orthosis than control groups, with median (inter-quartile range) being 9 (1-23) vs. 18 (16) (17) (18) (19) [p=0.003, Wilcoxon's rank sum test].
After orthosis treatment, all foot angles (except for the AP-TN angle) improved significantly (Table  1 ). In the controls, only the AP-TFM angle improved significantly. Comparing changes of foot angles in the 2 groups, there were significant differences in the lateral TFM angle of the left foot (p=0.004), lateral TC angle of both feet (p<0.001), and calcaneal pitch angle of the left foot (p=0.016) [ Table 1 ].
After orthosis treatment, all AOFAS scores improved significantly (Table 1 ). In the controls, all AOFAS scores (except for the midfoot score) also improved significantly. Comparing changes of 
Table 2 Comparison of changes of foot angles and American Orthopaedic Foot and Ankle Society (AOFAS) scores in the 2 groups
AOFAS scores in the 2 groups, there were significant differences in AOFAS forefoot (p=0.005) and midfoot (p<0.001) scores ( Table 1 ).
All differences in changes of foot angles and AOFAS scores between the 2 groups remained significant after adjusting for age, sex, and follow-up period using the ANCOVA ( Table 2) .
Inferring the correlation between changes in foot angles and changes in AOFAS scores (Table 3 ), in the orthosis group, the AOFAS hindfoot score correlated positively with the lateral TC angle of the left foot (r=0.345, p=0.010) and negatively with the calcaneal pitch angle of the right foot (r=-0.33, p=0.015). In the control group, the lateral TFM angle of the left foot correlated negatively with the AOFAS forefoot (r=-0.566, p=0.003) and midfoot (r=-0.497, p=0.001) scores, whereas the calcaneal pitch angle of the left foot correlated positively with the AOFAS forefoot score (r=0.497, p=0.010). Nonetheless, the above 5 significant results were likely to be due to a multiple listing problem.
discussion
Increased talar inclination increases hindfoot pronation and thus alters the foot chain kinetics. Talar alignment during ankle movement is vital because Table 3 Correlation the talus distributes body weight to heel and forefoot. Lateral TFM angle is a measure for talar inclination. 12 Increase in TFM angle has increased the risk of being symptomatic by 2.41 folds. 27 In the current study, orthosis treatment significantly improved the lateral TFM angle. In controls, the AOFAS forefoot and midfoot scores were improved by the decrease in talar inclination and improvement in arch cavus during natural development of the foot. The calcaneal pitch angle is not a strong predictor of the risk of developing flatfoot symptoms. 27 In the current study, orthosis treatment significantly improved the calcaneal pitch angle. This implied the effect of medial arch support on hindfoot alignment and cavus deformity. Thus, modification of the calcaneal pitch angle by the use of orthosis is important in understanding the pain relief mechanism.
between changes of foot angles and changes of American Orthopaedic Foot and Ankle Society (AOFAS) scores in the 2 groups

Changes in foot angles
The role of the TC angle in identifying symptomatic flatfoot is doubtful. 11 The lateral TC angle does not change significantly after arch reconstruction by distraction-arthrodesis of the calcaneocuboid joint. 28 However, in flexible flatfoot patients the effect of orthosis on the TC angle is significant. 21 Computed tomography has been used to assess non-and partial weight bearing intertarsal relationship in flatfeet and normal feet; none of normal feet had subluxation, but subluxation increases on weight bearing in all flatfeet. 29 The AP-TC angle has weak correlation and thus is unreliable. 11 This angle is difficult to measure, as dorsoplantar radiographs are focused on the forefoot and exact bony axes are not clearly defined in AP radiographs. Pain score improvement (based on short-form McGill visual analogue pain scale questionnaire) correlates with the lateral TC and talar declination angles after triple arthrodesis by means of reduction of the downpitch of the talus rather than elevation of the pitch of calcaneus. 30 Nonetheless, arch configuration poorly correlate to pain scores in flexible flatfoot. 31 In the current study, orthosis treatment significantly improved intertarsal relation in the sagittal plane only and contributed to pain relief by improving the hindfoot alignment and by reducing subtalar subluxation on weight-bearing. Thus, the lateral TC angle can be used for evaluating symptomatic flexible flatfoot. However, in another study, these 2 angles are not associated with the arch index using the foot print analysis. 8 In the current study, orthosis treatment significantly improved the AOFAS forefoot and midfoot scores. Increase in the lateral TC angle improved the AOFAS hindfoot scores, whereas increase in the calcaneal pitch angle deteriorated the AOFAS hindfoot scores. With the natural development of foot arch, AOFAS forefoot and hindfoot scores tend to improve by other factors such as improvement in muscle strengthening and joint flexibility. The calcaneal pitch angle and lateral TC angle correlated well with the AOFAS hindfoot scores.
There were limitations in the current study. First, the arch height was not standardised; it was individualised according to patient's comfort. Second, the AOFAS questionnaire was mostly answered by parents. Third, computed tomographic measurement of the forefoot arch was not performed. Fourth, long-term effect of this orthotic support was not evaluated. Wearing closed-toe shoes (rather than slippers and sandals) during childhood, obesity, ligament laxity are reported to be risk factors of flatfoot in adulthood. 19, 32, 33 Early intervention enables satisfactory results. 34 disclosure No conflicts of interest were declared by the authors.
